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Abstract 
To further improve the scientificity and accuracy of evaluation of hospital service quality, a kind of 
research method of hospital evaluation system of maximum deviation combination evaluation pattern is 
proposed herein. Firstly, the index of multi-attribute decision making is described, and on this basis, the 
combination evaluation model is established in accordance with maximum deviation pattern to obtain the 
multi-attribute decision-making model. Secondly, the model solving process is designed for proposed 
multi-attribute decision-making model, and shall be applied to the research of hospital evaluation system. 
Finally, by evaluating and analyzing the data of a certain hospital from 2002 to 2010, the results have 
confirmed the effectiveness of proposed algorithm. 
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1. Introduction 
Chinese hospital review and evaluation works have walked through the history with over 
20 years. In the first period, the total number of hospital review is 17708, including 558 third-
level hospitals, 3100 second-level hospitals and 14050 first-level hospitals, which accounts for 
26.4% of the total of Chinese hospital at the end of 1998 [1-5]. China becomes a country with 
the largest quantity of hospital reviewed. For the first period, the hospital review works make 
macro management of the government to medical and health services reinforced, which 
promotes the standardized construction of hospital and constructs the basic system of third-
level hospital network. Obvious effects are achieved in aspect of promotion of connection 
between macro management and internationality. However, in the process of review, some 
problems also exist. Main performances include: the falsification, formalism, valuing “hardware” 
and despising “software”, blind expansion of scale, competition for orders and various 
establishments of hospital, and that the standard and method of review are lack of the 
standardability and scientificity; review is short of the fairness and justice, and the long-term 
supervision mechanism to hospital is not formed, etc [6-10]. 
Combination evaluation method is a kind of effective evaluation method, and may be 
applied to the evaluation of hospital service system [11-13]. The current research on 
combination evaluation method mainly focuses on two orientations including the combination of 
evaluation weight and evaluation conclusion. Between this two, the combination of evaluation 
weight is divided into two kinds including the combination of distinction of subjective and 
objective weight and no distinction of subjective and objective weight, while the combination of 
evaluation conclusion is also divided into two kinds including the combination of ordinal value 
and evaluation value. Comparative research finds that the application of combination of 
evaluation value is more direct that that of evaluation weight, and the deviation resulted from the 
combination of weight may be avoided at the same time. However, compared with the 
combination of ordinal value, the combination of evaluation value has more amount of 
information, so that the evaluation value combined is closer to true value. In regards to the 
combination of evaluation value, mean value method and fuzzy Borda method are two kinds of 
combined evaluation method widely used now, and there is certain representativeness. Some 
scholars even take mean value method as the base of combination evaluation. However, as the 
practical application of mean value method, there are certain defects and deficiencies. The 
differences of combination weight are not taken into consideration when mean value method is 
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used for combination evaluation [14-17]. Multiple single evaluation values are just applied to 
direct average the mean, so that evaluation value of the combination could not present different 
single evaluation methods and different contributions. However, as fuzzy Borda method is used 
for combination evaluation, the combination weight of each evaluation object is different, and 
there are many questions caused hereby to go against promotion and application of this 
method. In addition, for such two kinds of method, in the process of combination evaluation, if 
evaluation values are close, the suspicion of object about selection of evaluation methods will 
be caused in general. The fairness of results suspected will result in divergence of result. But, 
the maximum deviation method may effectively overcome deficiencies of the above two 
methods in combination evaluation. 
Therefore, based on the new combination evaluation method constructed by maximum 
deviation method, it herein is applied to the evaluation of hospital work quality, and 
inconsistence problems of evaluation results among different evaluation methods in the hospital 
comprehensive evaluation are further solved. Experimental results show that the proposed 
algorithm may eliminate random errors resulted from single combination methods. Under a 
certain condition, inconsistence problems of evaluation results of different methods in the 
hospital evaluation works may be solved. 
 
 
2. Combination Evaluation Model of Maximum Deviation 
 
2.1. Description of Index of Multi-Attribute Decision Making 
Assume that there are m objects required to be evaluated in the multi-attribute decision-
making issue of hospital service system, and the object set is  1 2, , , mS S S S  ; there are c 
attributes for each object, and the attribute index set is acted as 1 2{ , , , }cG G G G  . Assume that 
the attribute value of the ith object iS  to the jth attribute jG  is denoted by ijy , 1,2, ,i m  , nd 
( )ij m cY y   is acted as attribute matrix. 
For combination evaluation, the evaluation value of multiple single evaluation methods 
shall be combined together, and there are selection issues of single evaluation method. 
Because different scientific method has different attributes and different scopes of application, 
the evaluation conclusions of some single evaluation methods that could be combined may 
have comparable basis, while some methods may not be combined. In addition, explained from 
angles of methodology, different evaluation methods have great differences between its 
connotation and mechanism. Therefore, the single evaluation method with same attributes shall 
be selected, and in regards to establishment of method set f , there are n  evaluation methods, 
and evaluation method set is  2, , ,l nf f f f  . 
Various single evaluation methods in the method set f  shall be used for evaluating 
each object, and the matrix F of evaluation result is obtained. Where, the evaluation value upper 
and lower object iS  of evaluation method jf  is denoted as ijy ， ( )ij m nF f  ， 1,2, ,i m  ，
1,2, ,j n  . 
 
2.2. Establishment of Maximum Deviation Combination Evaluation Model 
Based on the establishment of model with distance among result values under different 
methods reaching the maximum by maximum deviation combination evaluation method, the 
weight of each single evaluation method is therein determined. Then, the evaluation of different 
single evaluation method to evaluation value of each evaluation object is combined, and final 
combination evaluation value will be obtained. The distance obtained among final result values 
of each obtained is large, which is easy to rank. 
Assume that the weight vector of each single evaluation method is  1 2, , , TnW w w w  , in 
this way, the combination evaluation value of object  ௜ܵ will be obtained: 
 
1 1 2 2i i i n inF w f w f w f           (1) 
 
Assume that in regards to the deviation between object ௜ܵ and object ܵ௧ under single 
evaluation method ௝݂, where, ݐ ൌ 1,2, … ,݉, then ݀௜௝௧ may be denoted as: 
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| |ijt ij tjd f f           (2) 
 
In the multi-attribute decision making, if the difference of single evaluation method jf  to 
evaluation value of all decision-making objects is little, the weight of this evaluation method in 
this way will become quite small. Conversely, if the difference among evaluation values of all 
decision-making objects of jf  is large, the sequence of these evaluation values to decision-
making object will have great effects, and the weight will become larger. The basic thought of 
selection of weight vector of evaluation method is to make total deviation of all n methods to m 
decision-making objects reach the maximum, which not only guarantees large deviation among 
different result values, but also may keep the distance to easily rank. In addition, there are 
advantages of combination evaluation provided, and problems of existing differences of 
evaluation conclusions among various kinds of evaluation methods during the application which 
are resulted from different mechanisms among each single method may be overcome. 
 
1
| |
n
it j ij tj
j
d w f f

          (3) 
 
For establishment of model, under combination evaluation method, the total deviation of 
all evaluation objects is: 
 
| |
m m n
j ij tj
i l c l j l
D w f f
  
          (4) 
 
For acquisition of vector 1 2( , , )TnW w w w  of combination evaluation weight, the total 
deviation of all evaluation objects shall be the maximum under combination evaluation method. 
Then, there is a model: 
 
m m n
i 1 t l 1
maxD w j ij tj
j
f f
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2.3. Solving the Combined Evaluation Model of Maximum Deviation 
Lagrange's method is used to deal with the model, from which at last we can get: 
 
1 1
2
1 1 1
m m
ij tj
i t
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ij tj
j i t
f f
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f f
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Since the sum of the weights is one, by normalizing the jw , we can get the last 
combining evaluation weight of: 
 
* 1 1
1 1 1
m m
ij tj
i t
j n m m
ij tj
j i t
f f
w
f f
 
  




  ，
1,2, ,i m        (7) 
 
Then, we can get the combining evaluation weight of the object iS  as: 
 
* * *
1 1 2 2i i i n inF w f w f w f    ， 1,2, ,j m        (8) 
 
In this model, the ideology of the maximum deviation is applied to the combination of 
the results of each single evaluation method, which avoids considering the weight combination 
to bring the deviation to the result value; besides, a greater amount of information is of the 
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ordinal value. In addition, this paper puts forward the standard of combining evaluation weight 
and error sum of squares to judge the effectiveness of the combination evaluation. 
 
2.4. Solution Procedure 
We have got a lot of the combination evaluation methods till now, but the results may 
differ a lot. In order to solve the problem of non-consistency of evaluation results of multi 
methods in combinatorial evaluation, some scholars have studied the convergence of the 
conclusion of portfolio assessment by computer simulation and also used the drift hypothesis. 
However, there is still no uniform standard to measure how to determine the advantages and 
disadvantages of the combined evaluation method, which method is the least error. 
When several kinds of single evaluation methods are selected as the set, its objective is 
to minimize the error of the combined evaluation. Based on the error theory and the combination 
evaluation mechanism, this paper proposes and studies evaluation of the error between the 
score value and the average value of the artificial setting through one single evaluation method, 
to obtain the combination error sum of squares to reflect the performance of the combined 
evaluation method. 
Supposed 1f  as the linear mean value of the variety of evaluation methods for i th 
object, then, we take | |ij i ijh f f   as the error between the average value if  and the evaluation 
value ijf  of the number j  single evaluation method and i th object that is to be evaluated. 
 
( )ij i ijH f f           (9) 
 
In a certain object, making a combination of the error square according to the weight. 
The evaluation of estimate of number ith object S is 1 1 2 2i i i n inF w f w f w f   , the weight vector of 
each combination evaluation method is 1 2( , , )TnW w w w  , we can take iH  as the combination 
error squares sum of i th object, namely: 
 
2( )
n
i j i ij
j l
H w f f

          (10) 
 
Then, the combination error squares sum of each combination evaluation method is: 
 
2
1
( )
m n
j i ij
i l j
H w f f
 
          (11) 
 
Then, calculation steps of the maximum deviation combination evaluation method are: 
Step 1, in line with the evaluation data of the service system of the hospital, 
dimensionless treatment is adopted at first to eliminate the incommensurability caused by the 
difference between dimension and dimension unit, and then we get the initial data of to be 
evaluated by each evaluation method. Adopting the dimensionless treatment into the index 
attributes value ijy  of each object by cost attribute and benefit attribute, we can get ijx ; the 
benefit attribute is maxij ij jx y y  and cost attribute is max1ij ij jx y y  , in the formula, 
 max 1 2max , , ,j j j mjy y y y  , and apparently  0,1ijx  , 1,2, ,i m  ; 1,2, ,j c  . 
Step 2: Extraction and application of single evaluation method. Challenging the single 
evaluation method with the same attribute to establish method set F; using each single 
evaluation method to evaluate X to the result value F of the object by each method and to 
establish the matrix F of the evaluation result. In order to reduce the influence on the 
combination effect due to the great difference between each result of the method, normalization 
processing is adopted to the matrix F by single evaluation method, to get the standard data. 
Step 3: Calculating the combined evaluation model of maximum deviation. Calculate the 
errors of each object evaluation value by each single evaluation method according to the 
formula (2), and then adopting them into formula (6) to get the initial combination weight based 
on the maximum deviation evaluation model. Adopting normalization processing to the weight of 
combination evaluation method calculated by formula (7), and we can get the optimal weight *jw  
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of the finial combination evaluation. Then, taking W into the comprehensive evaluation value 
formula (8), we can get the evaluation value of each object, and to sort it. 
Step 4: choose other combination evaluation method to calculate, and to compare the 
errors by combination error square sum. Choose other combination evaluation method to sort 
the result values of each single evaluation method, and to get the combination evaluation 
results of them. Then, get the linear average value 1f  of multi combination evaluation methods 
of each object, and to put the results of each one to formula (9), to get the error square ijH . As 
for number ith object, the combination error square sum is ijH , sort the weight by each sorting 
weight method in the process, and we can get the combination error square sum of single 
object, namely formula (10). At last, put the combination error square sum of each object into 
formula (11), and we can get the combination error square sum H  of each combination 
evaluation method. 
 
 
3. Experimental Results and Analysis 
 
3.1. Experimental Data 
In this paper, the data is from the 2002~2010 reporting data of a first-class third-level 
hospital in Shandong Province, so it is accurate and reliable. The selection and processing of 
indicators are as follows 
(1) Selection of indicators: reference related literature and consult relevant professors, 
and select 10 indicators of outpatient number ( ଵܺ), hospitalization number (ܺଶ), the average 
number of opening beds (ܺଷ), actual days of occupying bed (ܺସ), cure and improvement rate 
(ܺହ), mortality rate (ܺ଺), average times of the turnover of beds (ܺ଻), actual bed utilization rate 
(଼ܺ), average hospitalization days (ܺଽ) and diagnostic accuracy of outpatient clinic ( ଵܺ଴) for 
comprehensive evaluation. 
(2) The same trend of indexes: Data will be recorded as  1, 2, ,10jX j    after the same 
trend of index  1, 2, ,10jX j   , of which outpatient service volume, the number of hospital 
admissions, average of available beds, actual days of using bed, cure and improvement rate, 
average turnover times of hospital bed, diagnostic accordance rate of outpatient are indexes 
with high efficiency and high quality. Thus, there is:  1, 2, ,5,7,10j jX X j    . Case fatality rate 
and average length of stay are indexes with low quality. The reciprocal method is adopted to 
solve the problem, so there is:  1 6,9j jX X j   . Hospital Management Evaluation Manual rules 
that standard of actual rate of using bed in three-level hospital is 85%~93%. The median in this 
range namely 89% selected in this paper is the best. 8 81 89%X X   . 
(3) Standardization of index: the data is recorded as  1, 2, ,10jZ  after the 
standardization of index jX  . The formula of index standardization is  j j j jZ X X S   , of which
1,2, ,10j   , jX   and jS  respectively are mean and standard deviation of j th index after the 
same trend. The data after standardization is showed in Table 1. 
 
 
Table 1. Standardization of evaluation index of hospital in 2002~2010 
 
 
 
3.2. Results and Analysis 
The evaluation result of model was comprehensively evaluated. Factor analysis 
method, synthetical index method, weighted TOPSIS method, principal component analysis 
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method and suggested method are respectively used to comprehensively evaluate the work 
quality in hospital in 2002~2010. The specific evaluation result is as showed in Table 2. The 
evaluation results of different evaluation models have varying-degree disparity. Evaluation rank 
of comprehensive evaluation model of each year corresponding to Table 2 is as showed in 
Figure 1. 
 
 
Table 2. Evaluation score and rank of comprehensive evaluation model of work quality in 
hospital in 2002~2010 
Year 
Suggested method Synthetical index method 
Weighted TOPSIS 
method 
Principal component 
analysis method 
Factor analysis 
method 
score rank score rank score rank score rank score rank 
2002 -7.351 9 1.091 7 0.287 9 -2.832 9 -0.157 8 
2003 -7.011 8 0.819 9 0.315 8 -2.796 8 -0.167 9 
2004 -5.765 7 1.213 5 0.356 7 -1.641 7 -0.065 6 
2005 -2.739 6 1.594 3 0.505 3 0.685 5 0.098 3 
2006 -1.400 5 1.196 6 0.456 4 -0.667 4 0.063 4 
2007 1.391 4 1.074 8 0.348 6 -1.412 6 -0.145 7 
2008 4.253 3 1.228 4 0.446 5 -0.562 3 -0.036 5 
2009 6.705 2 1.827 2 0.621 2 3.127 2 0.113 2 
2010 10.863 1 2.641 1 0.748 1 6.103 1 0.305 1 
 
 
According to the actual test results, work quality in this hospital since 2002-2009 has 
been constantly improved. From Table 2, it can be seen that the evaluation score and rank of 
comprehensive evaluation model of suggested algorithm is coincided with real situation. While, 
that of four comparison algorithms such as synthetical index method, weighted TOPSIS method, 
principal component analysis method and factor analysis method are not coincided with real 
situation. The experiment reflects the effectiveness of suggested algorithm in the evaluation of 
work quality in hospital. 
 
 
 
 
Figure 1. Rank comparison of algorithm forecast 
 
 
4. Conclusion 
A kind of research method of hospital evaluation system based on maximum deviation 
combination evaluation pattern is put forward to improve the scientificity and accuracy of 
evaluation of service quality in hospital. Multi-attribute decision-making index and maximum 
deviation pattern are used to build combination evaluation model and design the solution 
procedure of model and then it will be applied to research of hospital evaluation system. The 
experiment result has verified the effectiveness of suggested algorithm. 
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